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RESEARCH MEMORAHDIM 


AERODYHAMIC CHARACTERISTICS AT SUPERSONIC SPEEDS OF A 
SERIES OF WING-BODY COMBINATIONS HAVING CAMBERED 
WINGS WITH AN ASPECT RATIO OF 3-5 . 

AND A TAPER, RATIO OF 0.2 

EFFECTS OF SWEEP ANGLE AND THICKNESS RATIO 
ON THE STATIC LATERAL STABILITY 
CHARACTERISTICS AT M = 2.01 
By Clyde V. Hamiltoii 


SUMMARY 


An investigation has heen conducted in the L^gley 4- hy 4-foot 
supersonic pressure tunnel at a Mach numhef of 2.01 and a Reynolds 
number of 2.2 x 10^ to determine the effects of sweep angle and 
thickness ratio on the static lateral stability characteristics of a 
series of wings having a taper ratio of 0.2 and an aspect ratio of 
3.5* The wlngs^ which- were tested on a body of revolution, had sweep 
angles of 10.8°, 35° ^ 47° for a thickness ratio of 4 percent and 

thickness ratios of 4, 6, and 9 percent for a sweep angle of 47°. In 
addition, the wing with a thickness ratio of 6 percent and a sweep 
angle of 47° was tested with and without nacelles Installed. 


The results of these tests indicate that at a Mach number of 2.01 
both the lateral-force parameter C„ and the directional-stability 

parameter C„ tend to increase with lift coefficient. The effect of 


increasing the sweep angle or thickness ratio, is to increase the 
positive value of ■ and decrease the positive value of' C_ . 

- if 


The effect of 
of Cv and 


nacelle installation is to Increase the positive values 


n , 


and the negative value, of c 


lif • 
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A change in Mach number from 1.60 to 2.01 had little effect on Cv 
but increased the positive values of . 

n-ijf 


INTRODUCTION 


A research program has been in progress at the Langley Aeronautical 
Laboratory to determine at subsonic^ transonic, and supersonic speeds, 
the effects of thickness and sweep on the aerodynamic characteristics 
of a series of wing -body combinations with cambered wings having a taper 
ratio of 0.2 and an aspect ratio of 3*5- The effects of:- thickness and 
sweep on the longitudinal characteristics of a series of wing-body 
combinations at subsonic and transonic speeds are presented in refer- 
ences 1 and 2, respectively. The effects of sweep and thickness on the 
longitudinal. characteristics for the series of wing -body combinations 
at- Mach numbers of~ 1.60 and 2.01 are presented in references 3 and 4>- 
respectively. The results of tests of several nacelle installations 
on a 47° swept back wing at Mach numbers of 1.60 ajid 2.01 are presented 
in references 5 and 6, respectively. The effects of sweep and thickness 
on the lateral characteristics for the series of- wing -body combinations 
at a Mach number of 1.60 are presented in reference 7- 

The present paper presents the results of- tests of the same series 
of wing-body combinations reported in reference 7 at a Mach number of 
2.01 and a Reynolds number of— 2.2 x 10^ based on the wing mean 
aerodynamic chord. For the sweep series, the wings had quarter-chord 
sweep angles of 10.8°, 35°> and 47° with a thickness ratio of 4 percent 
and for the thickness series, thickness ratios of hj 6, and 9 percent 
with a sweep angle of 47°. Ih addition, a wing of 47° sweep witK 
thickened root sections was tested. For this wing, the thickness ratio 
tapered linearly from 12 percent at~the root to 6 percent at the 
40-percent -semispan station and was constant at 6 percent farther out- 
board. The effects, of adding nacelles to the 6 -per cent -thick wing were 
also investigated. The results are presented with a minimum of- analysis 
to expedite publication . . 


COEFFICIENTS AND SmBOLS 


The results of- the tests are presented as standard MCA coefficients 
of forces and moments. The data are referred to the stability-axis 
system (fig'. 1) with the reference center of gravity at 25 percent- of 
the wing mean aerodynamic chord . 
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The coefficients and symbols are defined as follows: 
lateral-force coefficient, Y/qS 
■ yawing-moment coefficient, U/qSb 
rolling-moment coefficient, L/qSb 

lift coefficient, 

, ^ qS . , 

longitudinal- force coefficient, X/qS 
pitching-mdment coefficient, M'/qSc 

force along X-axis 
■force along Y-axis 
force along Z-axis- 
moment about X-axis 
moment about Y-axis 
moment about Z-axis 
free-stream dynamic pressure 
total wing area 
wing span 

wing mean aerodynamic chord 
Mach number 

thickness ratio. Wing thlckness/wing chord 
angle of attack of body center line, deg. 
angle of yaw, deg 

angle of sweep of wing quarter-chord line, deg 

lateral-force parameter, rate of change of lateral-force 
coefficient with angle of yaw, 6 Cy/B’>1'’ 
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directional-stalDllity parameter, rate of change 
yawing -moment coefficient with angle of yaw. 


of 



effective-dihedral parameter, rate of change of rolling- 
moment coefficient with angle of yaw, 


APPAEATUS AHD MODELS 
Tunnel 


The tests were conducted in the Langley 4- by 4-foot supersonic 
pressure tunnel-whlch is described in reference J. 


Models 

The: models used in these tests were con^josed of an ogive -cylinder 
body and various midwing configurations with a ratio of body diameter 
to wing span of about 0.094. The wings were positioned so that the 
quarter-chord point of the mean aerodynamic chord was always at the 
same body station. The wing airfoil sections had an MCA 65A-serles 
thickness distribution with mean-line ordinates one-third of the MCA 
230 series plus an (a = 1) mean line for C^ = 0.1. The airfoil 
coordinates are given in table I. Details of the models are shown in 
figure 2. - - ■ . 

The models were sting-supported and had a six-component internal 
strain-gage balance in the body. The model and sting are shown in 
figure 3 . 


TESTS 

Test Conditions 


The conditions for the tests were : 

Mach number 

Reynolds nimber, based on wing mean aerodynamic chord 

Stagnation dew .point, °F 

Stagnation pressure, Ib/sq in 

Stagnation temperature, °F • . . 


. . 2.01 

2.2 X 106 

. . <-30 
. . 14 

. . 110 
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A limited calltoat ion. prior to these tests has shown that the flow 
in the test section Is- reasonably uniform. The magnitudes of the vari- 
ations in the flow parameters are summarized in the following table: 


Mach number ±0.01 

Flow angle in horizontal plane, deg ■ ±0.1 

Flow angle in vertical plane, deg ±0.1 


Test Procedure. 

. The tests were made through an angle-of-yaw range from -4° to 8° 
at an angle of attack of 0° and 5-3° and througlf an angle -of -attack 
range from -2° to 13° at ijr = 0° and 


Corrections and Accuracy 


The angles of attack and yaw were corrected for the deflection of 
the balance under load. The' angle corrections were determined from an 
in-place callbra-tion of the balance' for various lift loads, pitching 
moments, side loads, and yawing moments. The estimated accuracy of 
both the angle -of -attack eind angle-of-yaw settings was ±0.10°. IJo 
corrections were applied to the data -to account for flow variations in 
the test section. 

The estimated errors in the force da-te obtained by comparing the 
resilLts of -fcwo tests of the same configuration are as follows : 



±0.001 

± 0.001 

±0.001 

± 0.002 

± 0 . 000 ^ 

± 0.0002 

i 


The base pressure was measured and the drag data were corrected to 
correspond to a base pressure equal to the free-stream static pressure. 


RESULTS 


The results are presented in this paper with a minimum of analysis 
to expedite' publication . The aerodynamic characteristics in yaw for 
various configurations at a = 0° and a =5-3° are presented in fig- 
ure 4. The effects of yaw on the lateral characteristics in. pitch for 
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various configurations are shown in figure The variation of the 
static lateral- stability characteristics with lift coefficient for various 
configurations is presented in figure '6. The static lateral stability 
characteristics of the various configur^ations at a = 0° and a = 5*3° 
are suminarized in table II and are presented as .functions of sweep angle 
and thickness ratio in figure 7. Both Cy^ and C^^ for most configu- 


rations tend to increase with lift coefficient . The effective- dihedral 
is. small and changes from negative to positive with increasing lift 

coefficient"; The effect“of- nacelle installation is to Increase the 


positive values .of C-i 


and and the negative value of 

The effect of Increasing the sweep angle or thickness ratio is to 
increase slightly the positive value of Cy.^ and decrease the positive 

value of Table IL shows that a change in Mach number from 1.60 


to 2.01 had little effect on 
value of 0 




but increased slightly the positive 


n 
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!EABLE II.- SUMMARY -OF SmTIC-IAlBRAL-STABILITY DERIVA'riVBS (i = 0°) 
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Figure 2.- Details of model configurations. 
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strut section NACA 65 A 005 in 
streamwise direction 



(c) Details of nacelle installation on A = ^7°, ^ = 0.06 wing. 


Figure 2.- Concluded. 
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Figvore 3.- Details of model sting ■ support. All dimensions in inches 

unless noted. 
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Angle of yaw, 4 », deg 
(a) Body alone. 

Figure Aerodynamic characteristics in yaw for various configurations 


at M = 2,01. 
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Figure ir.- Continued 




Longitudinal-force Pitching-moment 

Lift coefficient, Cl coefficient, Cy coefficient* Cm 






Rolling- moment Yawing-moment Lateral-force 

coefficient, C 2 coefficient, Cp , coefficient, Cy. 
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(e) A = I = 0.06. 


Figure 4.- Continued. 
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(e) Concluded. 
Figure L.- Continued, 




Angle of yaw, i|i, deg 
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(f) A = I = 0.09. 
Figure 4.- Continued. 
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Angle of yaw^ vp, deg 

(f ) Concluded. 
Figure ij-.- Continued, 
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Figure 4.- Continued 
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Figure L, - Concluded. 



28 







9 










NACA EM L52E23 


32 



O HJ = 0® 
□ i|j=5® 




(e) A = h-f} I = 0.09. 


Figure. -5.- Continued. 
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Lift coefficient ,C^ 

(f) A = 47°; - = 0.12 to 0.06. 
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Figlire 5*- Continued. 


f 







t 


.2 


Lift coefficient, C|_ 
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' (a) Sweep serlea. 

Figure 6. - Variation of iiie static lateral etabUlty characterlstica with 
lift coefficient for various wing-body comblnatipne at M = 2.01. 
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(Tj) IhickneBB aeries. 
Figure 6.- Concluded, 
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Figure 7-- S umma ry of the static lateral stability characteristics of 
various configurations at M = 2.01. 
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